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Abstract.- The maintenance or restoration of natural flow regimes has been proposed as one
means of conserving native fishes. Native fish conservation is enhanced either through the res-
toration of natural fluvial geomorphic processes (and thus the maintenance of essential habitats)
or by the suppression of nonnative fishes. The San Juan River of Colorado. New Mexico. and
Utah was dammed in 1962 and its natural flow regime was lost. Beginning in 1993. the river was
regulated to mimic a natural flow regime by increasing reservoir releases to mimic timing. but
only partially to mimic amplitude. volume. and duration of spring snowmelt discharge. We eval-
uated the responses of native and nonnative fishes to this natural flow regime mimicry by comparing
their autumn densities (nurnber/m") in San Juan River secondary channels to those during spring
runoff and summer base flow over a 9-year period. Densities of native speckled dace Rhinichthys
osculus, bluehead sucker Catostomus discobolus, and flannelmouth sucker C. latipinnis increased
with elevated spring discharge. Total native fish density was 10 times greater in 1993. (the year
of highest spring discharge) than in 2000 (the year of lowest spring discharge). Collectively,
nonnative fish density was negatively related to spring discharge. but western mosquitofish Gam-
busia affinis was the only commonly collected nonnative that had a significant relationship. Mean
daily summer discharge did not affect the density of native or nonnative fishes. Nonnative fishes,
however, responded positively to sustained low summer flows (days discharge was less than 14
m3/s). Densities of red shiner Cyprinella lutrensis, common carp Cyprinus carpio, and western
mosquitofish were four or more times greater in 2000 (a year of sustained low summer discharge)
than in years with comparati vely high summer discharge. Speckled dace was the only native species
negatively affected by extended low summer discharge. Our results suggest that manipulating
spring discharge to mimic a natural flow regime enhances native fish recruitment but might have
limited effect in suppressing nonnative fishes, particularly fecund, rapidly growing, small-bodied
species.

The maintenance or restoration of natural flow
regimes has been proposed to conserve native fish
assemblages (e.g., Tyus 1992; Stanford et al. 1996;
Poff et al. 1997). Support for the natural flow par-
adigm derives, in part, from opportunistic studies
wherein data on pre- and postflood fish assem-
blages were compared. Minckley and Meffe
(1987) showed that native fishes were less vul-
nerable to floods than nonnatives in southwestern
streams. In unregulated streams, pre- and postflood
differences were often substantial (particularly in
canyon-bound streams) and, in some cases, non-
native fishes were temporarily eliminated. They
reported that in regulated streams, routine releases
generally had no measurable effect on either native
or nonnative fishes, but large volume reservoir re-
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leases occasionally removed nonnative fishes.
!?}l!L~oyle (1993) suggested that in unreg-

. ulated streams in California the abundance of
summer- or autumn-spawning nonnatives was lim-
ited by variable spring flows and predation of lar-
vae and young by native Sacramento pike minnow
Ptychocheilus grandis and rainbow trout Onco-
rhynchus mykiss. More recently, Marchetti and
Moyle (2001) provided empirical support for the

-positive effects of natural flow regimes on native
fishes and the concomitant negative impacts on
nonnative fishes. They found that natural flow re-
gimes shifted environmental conditions (particu-
larly water temperature and habitat) to the benefit
of native fishes and high flows flushed some non-
native fishes from Putah Creek.

All major rivers in the American Southwest are
regulated to some extent by dams, and, in most
cases, nonnative species diversity and abundance
are greatest in the regulated reaches of these ri vers
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(Fuller et al. 1999). Although it is unlikely that
major dams on these rivers will be removed, at
least for the conservation of native fishes, it might
be possible to manipulate flows to benefit native
fishes while curtailing nonnative fish abundance.

The San Juan River, a major tributary of the
Colorado River, historically supported at least
eight fish species (Tyus et al. 1982). Currently,
only speckled dace Rhinichthys osculus, bluehead
sucker Catostomus discobolus, and flannelmouth
sucker C. latipinnis are comparatively widespread
and common in the river. Roundtail chub Gila ro-
busta, Colorado pikeminnow Ptychocheilus lucius,
and razorback sucker Xyrauchen texanus are rare,
and Colorado River cutthroat trout Oncorhynchus
clarki pleuriticus and mottled sculpin Cottus bairdi
do not occur in the study area. Over 20 nonnative
fish species have been collected (D. L. Propst and
K. B. Gido, unpublished data). Of these, red shiner
Cyprinella lutrensis, common carp Cypinus carpio,
fathead minnow Pimphales promelas, channel cat-
fish Ictalurus punctatus, and western mosquitofish
Gambusia affinis are common in warmwater stream
reaches. Four of these (red shiner, common carp,
channel catfish, and western rnosquitofish) are reg-
ularly identified as having negative impacts on na-
tive fishes (e.g., Meffe 1985; Ruppert et al. 1993;
Tyus and Saunders 2000). .

Previously, we reported (Gido et al. 1997; Gido
and Propst 1999) on small-scale temporal and spa-
tial variations in San Juan River fish assemblage
structure and habitat use. Those studies provided
insights into patterns of habitat use and assemblage
structure in response to varying environmental
conditions within a 2-year period, but did not elu-
cidate responses of common San Juan River fishes
to long-term flow manipulation to benefit native
fishes. In this study, we used data from 1993
through 200] to characterize the effects of a quasi-
natural flow regime upon native and nonnative
fishes in San Juan River secondary channels. Un-
der this flow regime, we expected that high spring
discharge would have a positive effect on the au-
tumn density of native fishes and a negative effect
on nonnative fish density. We did not expect sum-
mer discharge to affect native fish density but an-
ticipated that elevated summer discharge would

. negatively affect summer-spawning nonnative
fishes. Specifically, our objectives were to (1)
characterize the relationship between flow regime
and the density of common native and nonnative
fishes in the San Juan River, (2) contrast responses
of native and nonnative fishes to a quasi-natural
flow regime, and (3) use this information to eval-

uate whether a mimicked natural flow regime
would benefit native fishes in the San Juan River.

Study Area

The San Juan River arises in the San Juan Moun-
tains of southwestern Colorado and flows about
484 km to Lake Powell on the Colorado River
(Figure I). The San Juan River has few permanent
tributaries and all, except the Animas River, nor-
mally contribute little to its total discharge. During
much of the year, discharge is largely controlled
by releases from Navajo' Reservoir (operated pri-
marily as a water storage and irrigation delivery
reservoir). During summer, however, storm-
induced inflows, including those of intermittent
tributaries, can substantially increase the discharge
of the river.

In 1991, the U.S. Fish and Wildlife Service is-
sued a Biological Opinion, under authority of the
Endangered Species Act, to the U.S. Bureau of
Reclamation regarding the construction of the pro-
posed Animas-LaPlata Project. Among the con-
ditions of that Biological Opinion was operation
of Navajo Dam to mimic a natural flow regime for
the benefit of federally protected Colorado pike-
minnow and razorback sucker. Beginning in 1993,
releases from Navajo Reservoir were elevated dur-
ing spring to simulate snowmelt runoff, but dis-
charge after spring runoff recession remained sim-
ilar to postdam flows.

Prior to its impoundment by Navajo Dam in the
early 1960s, the San Juan River had a natural flow
regime characteristic of southwestern rivers, with
considerable intra- and interannual variation (Ta-
ble 1). Mean daily discharge during spring (2.:283
m3/8 [10,000 ft3/S (cfs}]) for five or more days
occurred in almost half the years of record. Mean
daily discharge (:S 14 m3/s [500 cfs)) during sum-
mer was common. Following impoundment, mean
daily discharge during spring snowmelt was di-
minished considerably (61 % of predam). Average
summer mean daily discharge was nearly the same,
but annual variation was considerably reduced.
During our study, mean daily spring discharge was
less than preimpoundment discharge (73%), but
was greater than postdam spring discharge (123%).
Average summer mean daily discharge was similar
among predam, postdam, and study periods, but
periods oflow summer discharge (:S 14 m3/s) were
considerably more common in the pre dam than in
the postdam or study period.

In our study reach between Shiprock, New Mex-
ico, and Chinle Creek, Utah, discharge was fre-
quently divided among the primary channel and
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FIGURE l.-Map of the San Juan River, Colorado, New Mexico, and Utah. Vertical bars denote reach boundaries
defined in text (see Study Area), and numerals with a line indicate river kilometers (river kilometer 0 is at the
historical confluence of the San Juan and Colorado rivers). Research for this study was conducted in reaches 3,4,
and 5.

one or more secondary channels. Collections from
secondary channels were the focus of this study
because they provided abundant habitat for small
native and nonnative fishes and were readily sam-

pled with seines. Secondary channels were defined
as those with 25% or .less discharge (visually es-
timated) at the time of sampling and measuring
200 m or longer. Secondary channels with inflow

TABLE I.-Comparison of preimpoundment (1935-1961), postimpoundrnent 0962-1991), and study period (1993-
2001) discharge -attributes of the San Juan River. Data are summarized from U.S. Geological Survey's Shiprock, New
Mexico, gauge (number 09368000); Q = mean daily discharge (m3/s); values in parentheses = coefficient of variation
of spring and summer mean daily discharge (derived from monthly mean daily discharge) or percent occurrence of the
discharge attribute.

Attribute Preimpoundment Postimpoundment
Study
period

Spring Q
Range of spring Q
Summer Q .
Range of slimmerQ
Years spring Q "'= 283 m3 ("'= 5 d)

Years spring Q "'= 227 m3 ("" 5 d)
Years spring Q "'= 142 m3 ("" 5 d)
Years summer Q :s 14 m3 ("'= 5 d)
Years summerQ:S 7 m3 ("'= 5 d)

135.9 (80.9)
42.7-310.2
44.8 (104.4)
9.1-151.6

II (42)
14 (54)
23 (88)
21 (81)
12 (46)

82.5 (78.3)
13.3-202.9
46.2 (86.3)
13.4-121.4
5 (17)
8 (27)

13 (43)
17 (57)
9 (30)

98.1 (69.0)
41.7-171.9
45.7 (85.1)
14.9-124.1

2 (22)
4 (44)
7 (78)
6 (67)
I (II)
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typically had surface water their entire course and
a variety of habitats (e.g., riffles, runs, shoals,
pools, and backwaters). The habitat of those with-
out inflow was mainly pool. The width of most
secondary channels was 3-5 m, and a few were
10m or wider their entire course. Maximu m depths
ranged from 10 cm or less in shallow runs to 2.0
m in pools. Substrata were cobble and gravel in
riffles, gravel and sand in runs, and sand and silt
in pools and backwaters. Instream obstructions
(such as boulders, uprooted trees, and debris piles)
contributed to pool formation.

Because physical differences within the San Juan
River might affect the response of fishes to different
flow regimes, the river was divided into six distinct
geomorphic reaches (Bliesner and Lamarra 2000).
Our study area encompassed three of these reaches:
reach 3 (river kilometer [RK] 110 to RK 173; RK
o is at Piute Farms, the historical confluence of the
San Juan and Colorado rivers), reach 4 (RK 173 to
RK 211), and reach 5 (RK 211 to RK 248). Cobble
and gravel were the predominant substrata in most
reach 5 secondary channels. Reach 4 was geo-
morphically transitional .between reaches 5 and 3;
sand was common, but cobble and gravel were pre-
sent in most reach 4 secondary channels. Sand and
silt were the most common substrata in reach 3, and
sand was mixed with cobble and gravel where these
were present. Riparian vegetation (mainly Russian
olive Elaeagnus angustifolia and tamarisk Tamarix
chinensisy was denser along reach 5 secondary
channels than reaches 4 and 3. Reach 3 channels
tended to be broader and less shaded than those in
upper reaches.

Methods
Fishes were collected during daylight from an

average of 33 (range, 18-45) secondary channels
.per year between late September and mid-October
of 1993 through 200l. Each habitat (e.g., pool,
undercut bank, shoal, run, and riffle) present in a
secondary channel was sampled in rough propor-

_ to its availability. Fishes were collected from
~_;each habitat with drag seines (4.6 m X 1.8 m, 3.2-
;>~,:,mm mesh). All large-bodied (> 100 mm total
f.-:i)ength [TL]) native fishes captured were identified,
:.;enulUerated, and released alive. All specimens of
~~,:Colorado pikeminnow collected were probably in-
~<dividuals stocked between 1997 and 1999; there-
~;.>/ore, it was not considered in our analyses. Fishes
t;'f:;b1n each seine haul were inspected to determine the
!c;,;i;presence of roundtail chub, Colorado pikerninnow,

.' ~I razorback sucker; any found were released. All
rern.aining specimens were preserved in 10% for-

malin and returned to the laboratory for identifi-
cation and enumeration. The area of each seine
haul was determined after fish sampling was com-
pleted.

Data from annual fish collections were grouped
by geomorphic reach. Each reach was treated as a
statistically independent entity rather than as lon-
gitudinal replicates because of marked differences
in physical habitat among reaches. Fish density
was the number of specimens of a species collected
per total area sampled in the same reach. To reduce
effects of disproportionately large values in anal-
yses, fish densities were 10glO(X + 1) transformed.

Four attributes of spring (1 March through 30
June) and seven of summer (l July through 30
September) discharge (Table 2) were considered
for evaluating associations with autumn fish den-
sity. Discharge data used in analyses were obtained
from the USGS Shiprock gauge (number
09368000). We defined summer flow spikes as pe-
riods when mean daily discharge doubled within
a 1-3-d period. The duration of flow spike was
defined as days from initiation of increase through
return to a level that remained relatively constant
for at least 7 d. Posts pike flow sometimes remained
considerably higher than prespike flow.

To reduce the number of flow attributes used in
our analyses, we examined covariance among var-
iables using Pearson product-moment correlations
and eliminated variables that were redundant (i.e.,
significantly correlated, P < 0.05). All spring and
all summer discharge attributes (except days when
discharge was less than 14 m3/s) were significantly
correlated. We therefore used mean daily spring
discharge, mean daily summer discharge, and days
of mean daily summer discharge of less than 14
m3/s as the summary indices of annual discharge.
We then used MANOVA (SAS Version 8.1, PROC
GLM) to evaluate the effects of discharge upon
the autumn density of native and nonnative fishes.
Because native (three species) and nonnative (six
species) fishes may differ in their response to dis-
charge, we ran separate tests with species from
these groups as dependent variables. In addition,
we tested the effects of spring discharge, summer
discharge, and days summer discharge less than
14 m3/s separately for each group (with reach in-
cluded as a categorical independent variable in all
models). If an overall model was significant (P <
0.10), we ran individual models to evaluate inter-
specific differences in response to discharge. Cor-
relation analyses were used to determine if tile
species response was positive (i.e., autumn density
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TABLE 2.-Attributes of spring and summer discharge (m3/s) in the San Juan River, 1993-2001. See the captio
Table 1 for additional information. . .

Attribute 2000 20011993 1994 1995 1996 1997 1998 1999

Discharge

Mar
Apr
May
Jun
Mean

Days Q > 85 m3/s
Days Q > 142 m3/s
Days Q > 227 m3/s

Discharge

Jul
Aug
Sep
Mean

Days Q > 85 m3/s
Days Q > 57 m3/s
Days Q < 28 m3/s
Days Q < 14 m3/s
Flow spike duration (d)
Spike Q mean (m3/s)

144.4
169.1
1809
193.1
171.9
122
!O5
11

26.1
38.1
40.6
34.9
4

10
37
a

35
53.2

25.1
24.6

135.1
185.9
92.7
55
43

7

28.9
15.1
30.5
24.8
a
2

54
20
15
40.7

Spring

78.7
98.4

173.0
264.9
153.8
97
55
21

Summer

93.0 15.9
44.2 13.9
33.8 25.2
57.0 18.3
a 0

13 a
13 55
o 39

29 22
45.0 35.5

19.8
15.1
56.6
75.4

·41.7
16
o
a

58.3
65.0

161.6
234.7
129.9
67
44
26

61.3
65.3
66.9
64.5
18
30

7
o

66
70.2

32.3
40.4

148.7
112.5
83.5
48
24

a

47.2
27.2
18.2
30.9

1
11
55
IS
37
51.0

24.6
30.8
89.9

161.9
76.8
41
26
o

88.3 9.2
162.2 17.1
117.8 18.4
122.8 14.9
71 a
89 0
a 91
o 45

92 7
122.7 24J

26.7
46.8
65.5
57.0
49.0
18

1
o

29.3
39.2

135.4
134.8
84.7
47
29

1

increased with high spring or summer discharge)
or negative (i.e., autumn density decreased).

19.5
32.1
15.6
22.4
o
5

74
23
18
45.2

Results
Between 1993 and 2001, 6 native and 11 non-

native species were collected in San Juan River
secondary channels between Shiprock, New Mex-
ico, and Chinle Creek, Utah. Three native (speck-
led dace, bluehead sucker, and flannelmouth suck-
er) and four nonnative (red shiner, fathead min-
now, channel catfish, and western mosquitofish)
fishes were collected in all years. Plains killifish
Fundulus zebrinus was not collected in 1999, and
common carp was not found in 1999 or 2001.
Adults of bluehead sucker, flannelmouth sucker,

channel catfish, and common carp were rarely col-. ,SP'
lected in secondary channels in autumn; almost aIr ,"; ~', SUi

individuals collected were less than 100 mm TL<" .'.
and were probably age O. Red shiner, fathead min-":
now, speckled dace, plains killifisb, and western'
mosquito fish specimens ranged in size from about
30 to 100 mrn TL and likely represented all age-.
classes of these species.

Total nonnative fish density was greatest
- '!

(10.131 fish/m-) in 2000, the year oflowest spring
and summer discharge, and lowest (0.249 fish/rn-)
in 1999 (Table 3). The greatest density of red shin-
er, common carp, and western mosquito fish was in
2000, but fathead minnow density was greatest in
1995, channel catfish peaked in 1993, and the
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TABLE 3.-Density (fish/m-) of native fishes, nonnative fishes, and commonly collected species in San Juan River
secondary channels, New Mexico and Utah. 1993-2001.

Species 2001

Year

1993 1994 1995 1996 1997 1998 1999 2000

Natives
Speckled dace
Bluehead sucker
Flannelrnouth sucker

Nonnatives
Red shiner
Common carp
Fathead minnow
Channel catfish
Western mosquito fish

1.366
1.032
0.155
0.179
3.120
2.298
0.003
0.662
0.092
0.043

0.480
0.394
0.008
0.078
3.463
1.902
0.003
0.894
0.083
0.262

0.618
0.561
0.024
0.032
3.851
2.346
0.005
1.375
0.035
0.077

0.101
0.076
0.007
0.DI8
3.963
2.172
0.001
1.316
0.034
0.428

0.233
0.208
0.007
0.014
0.562
0,381
0.007
0.065
0.022
0.006

0.322
0.314
0.001
0.007
0.537
0.389
0.001
0.085
0.072
0.059

0.084
0.077
0.003
0.003
0.249
0.225
0.000
0.016
0.003
0.002

0.099
0.066
0.009
0.023

10.131
8.553
0.164
0.766
0.014
0.622

0.139
0.128
0.001
0.009
1.602
1.358
0.00
0.154
0.013
0.060

P<
st
P(
7.

u,
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greatest density of plains killifish was in 1994. Red
shiner was the most common species in all years.
Its density was often an order of magnitude greater
than that of the next most common species. Fat-
head minnow was the second or third most-
common species. Western mosquitofish was third-
most common in 1996 and 2000, the years of low-
est summer discharge.

Total native fish density was highest (1.366 fish/
m-) in 1993, the year of highest spring discharge,
and was lowest (0.084 fish/m-) in 1999, a year of
low spring discharge but high summer discharge.
The density of each commonly collected native
species was also highest in 1993, but the year of
lowest density varied among these species. Among
all species, speckled dace was second- or third-
most COmmon species in all years, except 1996
and 2000 (the years of lowest summer discharge).

Based upon MAN OVA, spring discharge had a
significant effect on autumn native fishes density
(Wi1k's lambda [WL] = 0.317, P < 0.0001). There
was no reach effect (WL = 0.772, P = 0.523) or
interaction between reach and spring discharge
(WL = 0.584, P = 0.097). Individual tests for
speckled dace, bluehead sucker, and ftannelmouth
sucker each showed a significant (all P-values <
0.002) and positive association with spring dis-
charge (Figure 2). Collectively, nonnative fishes
autumn density was significantly affected (WL =
0.326, P = 0.003) by spring discharge and by reach
(WL = 0.266, P = 0.019), but there was no in-
teraction between these variables (WL = 0.376, P
= 0.117). Individually, only western mosquitofish
varied significantly by reach (F = 3.95, P =
0.035), and it was negatively associated with
spring discharge (F = 7.45, P = 0.0l3). Summer

,. discharge had no effect on native or nonnative fish
density (P > 0.100). An overall association of
number of days of summer discharge less than 14
m3/s and native fishes was significant (WL =
0.232, P = 0.013), without a reach or interaction
effect. Individual tests showed a significant neg-
ative effect only on speckled dace density (F =
7.914, P = 0.009). There also was a weak overall
effect of the number of days summer discharge
Was less than 14 m3/s on nonnatives (WL = 0.119,
P = 0.072), but no reach or interaction effect. This
pattern was driven by the positive response of red
shiner, common carp, and western mosquito fish to
periods oflow flow (F = 13.441, P < 0.001; F =
7.503, P = 0.015; and F = 11.593, P < 0.001 for
"individual tests, respectively). However, individ-
ual tests for both common carp and western mos-
gUitofish also revealed a significant interaction be-

tween reach and periods of low flow (P < 0.03),
largely because this response was strongest in the
upstream reaches where both species were most
common.

Discussion
The premise that regulated flow regimes nega-

tively affect native fish assemblages and its cor-
ollary that such flows enhance the survival of non-
native fishes has been proffered in several studies
(e.g., Stanford and Ward 1986; Marchetti and
Moyle 2001; Brouder 2001). Conversely, in some
unregulated streams, native fish faunas remain
comparatively intact and nonnative fishes are un-
common (Baltz and Moyle 1993). Various mech-
anisms have been suggested to explain observed
differential responses of native and nonnative fish-
es to natural and altered flow regimes (Galat and
Zweimiiller 2001; Bunn and Arthington 2002).
Several studies (e.g., Minck\ey and Meffe 1987;
Brouder 2001; Marchetti and Moyle 2001; Valdez
et al. 2001) suggested that elevated flows flushed
or displaced nonnative fishes and that native fishes
were "resistant" to displacement or rapidly re-
populated stream reaches after displacement. Sev-
eral of the aforementioned studies (e.g., Stanford
and Ward 1986; Minckley and Meffe 1987) pro-
vided the framework and justification for the par-
tial restoration of a natural flow regime as a man-
agement tool to restore imperiled species and to
conserve the native fish fauna of the San Juan Riv-
er. It was proposed that a more natural flow regime
would restore or enhance those abiotic attributes
that native fishes require and would be detrimental
to nonnative fishes by diminishing their habitat or
disrupting critical life stages.

Navajo Reservoir has been operated to mimic a
natural flow regime since 1993. Reservoir releases
to simulate spring runoff was the primary feature
of the natural flow regime mimicked during the
study. This reservoir management yielded annual
spring runoff patterns after 1993 more similar to
those prior to the closure of Navajo Dam in 1962
than those which occurred between 1962 and 1991.
Our expectation that native fishes would respond
positively (based on changes in their autumn den-
sities) to increased spring discharge was con-
firmed, and the response of each common native
species (speckled dace, fiannelmouth sucker, and
bluehead sucker) was significant. Although non-
native species were collectively negatively affect-
ed by high spring flows, western mosquitofish was
the only species to show a strong response. Neither
native nor nonnative fishes were negatively af-
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FIGURE2.-Correlations between (1) autumn density of all native fishes and common native species with mean
daily spring discharge; (2) autumn density of speckled dace and days of mean daily summer discharge less than
14 mvs: (3) autumn density of nonnative fishes and three common nonnative species and days of mean daily
summer discharge less than 14 m3/s; and (4) autumn density of western mosquitofish and mean daily spring discharge.
The study area consisted of secondary channels in the San Juan River, New Mexico and Utah, from 1993 to 2001;
circles = reach 5 densities, squares = reach 4 densities, and triangles = reach 3 densities (see Figure 1).

fected by elevated summer flows. Both native and
nonnative fish densities, however, were influenced
by the number days of summer discharge less than
14 rn' in that speckled dace density declined and
red shiner, common carp, and western mosquito-
fish densities generally increased during years with
extended low discharge.

The positive response of native fishes to ele-
vated spring discharge was at least partially related
to the life history attributes and habitat affinities
of each species. Each common native species
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spawns in cobbled riffles ( D.L.P. and K.B.G., un-
published data), and speckled dace and bluehead
sucker are both commonly associated with riffles
throughout their lives (Rinne 1992; Gido and
Propst 1999). Elevated spring flows clean cobble
and gravel bars of fine sediments, thereby increas-
ing spawning and macroinvertebrate habitat qual-
ity.

Elevated spring flows had no discern able effect
on the autumn density of any nonnative species
except western mosquitofish. This result appears



FISH RESPONSE TO DlSCHARGE MANIPULATION

to contradict previous conclusions of ours (Gido
et al. 1997) and Marchetti and Moyle (200 I) on
the negative effects of elevated spring discharge
on nonnative fish abundance. Minckley and Meffe
(1987) found that elevated flows greatly dimin-
ished nonnative fishes in southwestern streams, but
these findings were based on data from canyon-
bound streams. In such environments, lateral
movement of fishes onto the flood plain (where
water velocities were typically lower than in the
river channel) during high flows was not possible
and fish were thus displaced. The San Juan River,
in our study area, flowed through a broad, alluvial
valley, and flooded lowlands provided refuge dur-
ing spring runoff. Alternatively, lack of negative
effects on common nonnative species (except
western mosquitofish) simply may have been be-
cause spring flows were insufficient to displace
them. The highest spring instantaneous discharge

.of 351 m3/s between 1993 and 200 1 was com-
monly exceeded prior to the closure of the Navajo
Dam. In addition, spring runoff during our study
usually was limited to May and June, whereas pre-
dam runoff extended from March through June.
Thus, the duration and volume of spring runoff
during our study (plus reduced amplitude) were
insufficient to displace nonnative fishes. Alterna-
tively, the perceived absence of a response may
have been a consequence of when we sampled.
Studies reporting a decrease in nonnative abun-
dance based their results on sampling shortly after
a recession of elevated flows. We sampled about
3 months after spring runoff recession, and the
immediate effects of elevated spring discharge
therefore were not detected. Another, and we be-
lieve more plausible, explanation involves consid-
eration of life history traits of each common non-
native species, particularly red shiner (which reg-
ularly comprised 2:75% of the nonnative assem-
blage). Most, and likely all, reproduction of red
shiner, fathead minnow, western mosquitofish, and
plains killifish occurred during summer (July
through September). Each of these small-bodied,
short-lived species is capable of producing large
numbers of young each year; the females of at least
red shiner, fathead minnow, and western mosqui-
tofish are capable of multiple clutches during a
single season (Krumholz 1948; Gale and Buynak
1982; Gale 1986), and individuals of these species
are able to spawn their first summer of life (Markus
1934; Krumholz 1948; Marsh-Matthews et al.
2002). Elevated spring discharge may have di-
minished the abundance of these nonnatives, but
their (except for western mosquitofish) reproduc-

tive potential was sufficiently high to overcome or
offset losses associated with elevated spring dis-
charge. In addition, elevated spring flows likely
enhanced red shiner (a crevice spawner; Gale
1986) reproductive success by cleansing riffles of
fine sediments.

There was no relationship between summer
mean daily discharge and native or nonnative fish
densities (collective). Densities of red shiner, com-
mon carp, and western mosquitofish, however,
were positively related to days with discharges of
14 m3/s or less. The optimal spawning tempera-
tures for red shiner and. western mosquitofish are
above 20-22°C (Gale 1986; Hubbs 2000), and a
water temperature of 20°C was regularly exceeded
in secondary channels when discharge was less
than 14 m3/s (D.L.P. and K.B.G., unpublished
data). In addition to spawning during summer, the
tolerance of these species to elevated water tem-
peratures and depressed dissolved oxygen (Mat-
thews and Hill 1979; Hubbs 2000) likely contrib-
uted to their high autumn densities following low
summer flows.

The construction of dams and subsequent flow
regulation have been identified as primary reasons
for the decline of native fishes of the American
Southwest and the establishment of noxious non-
native species (Richter et al. 1997). Consequently,
restoration of natural flow regimes often is pro-
posed as a management strategy to restore native
fish faunas (e.g., Poff et al. 1997). However, in a
system such as the San Juan River, with consid-
erable institutional restraints (e.g., flood control
and meeting intra- and interstate water delivery
obligations), only partial restoration of a natural
flow regime is possible. In our nine-year study we
found that native fishes responded positively to
reservoir releases designed to mimic natural spring
runoff, but nonnative fish density was largely un-
affected. Several summer-spawning nonnative
fishes, however, responded positively to extended
low summer flows. Thus, if natural flow regime
mimicry included the provision of low summer
flows (similar to those that occurred historically),
summer-spawning nonnative fishes would benefit,
perhaps to the detriment of native fishes. Conser-
vation of the native fish fauna in the San Juan River
and similar systems will be challenging because
life history strategies and broad environmental tol-
erances of problem nonnative fishes enable them
to overcome transitory deleterious flows. Until
ways to eradicate or control nonnative fishes are
devised, management efforts should focus on max-
imizing reproductive and recruitment success of
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